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3 n the framework of direct perturbation theory a 
^lully self-consistent approximation beyond the well 
^ jmown NCA will be presented for the Anderson Mo- 
del. The resummation of a class of skeleton dia- 
OQgrams up to infinite order in V includes all con- 
C^ribution up to the order 0(1/A 2 ) ( N = dege- 
O^neracy of the magnetic state). Qualitative impro- 
^^ements in maintaining local Fermi-Liquid relati- 
Q^>ns and one-particle spectral properties in compa- 
"^-rison to the well known NCA will be reported. The 

location and temperature dependence of the AS- 

^•esonance for the case N = 2 is found to be rather 
aldose to the chemical potential in excellent agree- 

Qnent with Friedel's sum rule; the static magnetic 

Gfcusceptibility exhibits the same A-dependence as 
the exact Bethe-Ansatz solution. 
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Figure 1: Diagrammatic representation of the 
self-consistent magnetic vertex function T(z, z-\- 
ivn). The wriggle lines represent the singly- 
occupied state, the dashed lines the unoccupied 
states and the band electrons are drawn with 
solid lines. 



1 Theory 

More than ten years ago the first evaluations 
of a self-consistent infinite order perturbational 
theory of the Anderson impurity model at in- 
finite U with respect to the hybridization, the 
NCA, had been reported [2, 3]. It furnishes in 
particular the correct low-energy scale of the 



problem, Wilson's Kondo temperature Tk- Due 
to an imbalance of particle and hole excitation 
processes the NCA contains a pathology at very 
low energies T pat h <C Tk, which e.g. shows up 
as a residual spike in one-particle spectra at the 
chemical potential //=0. Resummation of all 
skeleton diagrams yields a set of coupled inte- 
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gral equations 
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£o(*)= EZ =1 \V\ 2 J dep(e)f(e) 

OO 

P m (z + e)A m (z,z + e) , y 
X m (z)= \V\ 2 J dep(e)f(-e) 

OO 

P (z - e)A m (z } z - e) . 

denotes the density-of-states (DOS) of unper- 
turbed conduction electrons. Viewed from an 
expansion scheme in the inverse of a degene- 
racy N of the magnetic local state all skeleton 
diagrams can be classified in orders of 0(1 /N). 
A(x } y) = l is the leading approximation of order 
0(1 /N) and recovers the NCA. We have deter- 
mined the vertex correction self-consistenly up 
to 0(1/N 2 )[5]. The vertex correction includes 
particle-particle und hole-hole exitations which 
are considered as essential to maintain local 
Fermi-liquid relations. In analogous way, a self- 
consistent magnetic vertex-function T(z } z-\-iv n ) 
has been obtained, Fig. I, to calculate the local 
magnetic susceptibility Xf(^n) 

Yt(iv n ) = — — I ^—e~ siz P m (z) . . 
AA ; Z y Jc 2vrz y ' (2) 

■P m (z + iv n )T(z, z + iu n ) . 

in its natural units Np 2 B j(j + l)/3. Fig. 1(a) 
resembles the NCA contribution and the parts 
of Fig. I (b+c) improve Xf(^n) up to 0(1/N 2 ). 



2 Results and Discussion 

A major improvement in the one-particle spec- 
tra by the 0(I/A 2 )-theory (Post-NCA) is pre- 
sented in Fig. 2. For a study of the Kondo 
regime we choose a band of width VK=20A 
(A=7tV 2 Af being the Anderson width for hy- 
bridization V and DOS AV=1/W) with con- 
stant DOS and smooth-edged cut-offs, an un- 
perturbed local level position AE = — 3A. For 
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Figure 2: Comparison of the local one-particle 
spectra at T=0. 5, 1.0, 2.02V in NCA (dashed) 
and PNCA (solid lines) in the vicinity of the 
chemical potential. The lower curves corre- 
spond to higher termperatures. 

the critical degeneracy N = 2, where higher or- 
der correction in 1/N contribute significantly, 
a large shift of the AS-resonance towards the 
chemical potential and a reduction of its height 
can be reported here. This is in accordance with 
the DOS-rule at T=0, which demands Pf m (0) = 
sm 2 (nfjj) 0-96-^ for the present set of 
parameters (nj 0.9). The validity of the 
DOS-rule is directly related to the validity of 
Friedel's sum rule: a cut-down from 20% error 
in NCA to 3-6% is found in the numerical data. 
The peak position in the NCA is much more 
temperature dependent, and the temperature- 
dependent height of the AS-resonance clearly 
exceeds the unitary limit value of already at 
T ~ 2V. As is to be expected from the nature 
of the pertubational approach, no approxima- 
tion can perfectly redistribute the original sharp 
spike near p generated by the class of most di- 
vergent diagrams so that also the PNCA h as a 
remaining deficiency. 

We also succeeded in calculating the static ma- 
gnetic susceptibility x(T) = x(^ v n = 0) in- 
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Figure 3: Static magnetic susceptibility for N = 
2, 4, 6 vs T/Tk in NCA. The parameters are gi- 
ven in the text. 
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Figure 4: Static magnetic susceptibility for N = 
2,4,6 vs T/Tk in PNCA. Parameters are the 
same as in Fig. 3 and given in the text 



eluding higher-order vertex corrections. While 
X NGA (T) shows a rather poor tendency to sa- 
turate below T K for N = 2, Fig.3, x PNCA (T) 
calculated with Equ.(2) has overcome this pro- 
blem, which is related to incorrect threshold ex- 
ponents of the ionic propagators Pm(z). From 
the exakt Bethe Ansatz results it is known, that 
x(T) exhibits a maximum at T ~ 0.42V for 
N > 3. In Fig. 4 excellent agreement with 
the Bethe Ansatz results [4] could be obtai- 
ned with the parameters N = 2 } AE = — 3A, 
N = 4,A£ = -5A and N = 6,A£ = -7A. 
The maximum reproduced in x(0) 1S n °t acces- 
sible to the NCA for N = 4. It emphasizes 
the major improvement provided by the method 
presented here. 

The essential progress, however, not only lies in 
the apparent order of magnitude improvement, 
compared to the NCA, but also in a stabilisation 
of the low-energy regime as evidenced by the 
much smoother temperature dependence. Our 
method is used to reexamine and improve upon 
existing lattic theories like the LNCA. 
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